CALORIMETRIC STUDIES OF THE EXTREMITIES II. EXPERIMENTAL APPARATUS AND PROCEDURES'
By ROY KEGERREIS (Received for publication July 1, 1926) The calorimeter used in these experiments is a modification of that devised and used by Stewart (1) . The ensemble of apparatus is shown in figures 1 and 2. The details of construction of the calorimeter are sketched in figure 3. Preliminary tests showed that the water equivalent of the calorimeter under the conditions of use was 170 gram calories. In the chamber b there is a false bottom of wire of coarse mesh on which the foot of the subject is allowed to rest. This arrangement permits of better stirring of the water around the foot and also minimizes the tendency on the p,art of the person under test to move the foot. The temperature of the water in the calorimeter was measured and read to 0.01°C. by means of a certified Beckmann thermometer.
In order that the temperature may be kept as nearly uniform as possible throughout the calorimeter and therefore be correctly recorded by the thermometer, it is necessary that the water be stirred constantly and thoroughly during the period of the test. This stirring is accomplished by air currents in preference to any form of mechanical stirrer, not only because agitation by air is highly satisfactory, but also because of difficulties presented with any form of mechanical stirring.
The stream of air used for the agitation of the water in chamber b ( fig. 3) (fig. 3) . A current of air passing through it keeps the "conditioning" bath, as it may be called, in chamber a thoroughly agitated. After passing through the coil X the air is allowed to bubble through the water in the container Y; this procedure saturates the air with water vapor and prevents loss of heat by evaporation in the foot bath. The chamber Y is immersed in the same auxiliary or "conditioning" bath as the coil X; bence the saturation of the air with water at the proper temperature is assured. The temperature of the calorimeter and its contents at the start of a test was always made the same as that of the room. This temperature was held, so far as possible, at about 22°C. It is, of course, necessary to correct for the cooling of the calorimeter as it warms up above the surrounding atmosphere. The cooling curve from which corrections have to be made very closely approximates a straight line for small differences of temperature. Twenty minutes was arbitrarily selected as the time interval to be considered in all tests. It is then necessary to know how much heat the calorimeter has lost during the same twenty minutes in order to make the proper correction, which may under certain circumstances be a considerable proportion of the heat transferred.
A gauge, shown in figure 5, was constructed to facilitate the rather laborious transfer of graphical data with the necessary correction into a numerical index. The gauge greatly facilitates the work and involves no added approximations. It was especially designed for the work in hand and consists of two parts. The upper part is made of transparent celluloid and slides up and down over the lower part which is heavy, lies flat and is covered with cobrdinate paper on which are plotted cooling curves for the metal boot of the calorimeter.
In use, the left edge of the lower part of the gauge is laid on the graph sheet vertically and opposite the time which marks the end of the twenty-minute interval in such a way that the temperature scales of the graph and gauge correspond. The transparent part is then moved up or down until the fiducial mark at the lower left-hand corner lies on the graph.
The amount that the graph is raised during a period of twenty minutes gives a direct measure of the heat transfer, but without any consideration of correction for the loss of heat to the surroundings.
A cooling curve for the average differences of temperature during twenty minutes gives the necessary correction. The lower stationary part of the gauge has on it these correction curves for cooling for periods over twenty minutes.
The average temperature should be the basis for any cooling correction. A the reading with due correction for the loss of heat to the surroundings. The correction curve is followed to the right to the scale which gives the calories transferred during the twenty-minute period. The scale is so calibrated that the calories each minute are givern and the necessity of dividing by twenty is also avoided. This, then, is the total amount of heat transferred, and when divided by the area of the foot gives the amount of heat transferred each minute for each square inch of skin on the foot. The heat transferred obviously depends on the area exposed. depth of immersion, that it was decided to reduce all readings to unit area of skin exposed. Figure 6 shows the measurements which are taken on each foot. The area is computed by means as the final index of heat transfer. These, I believe to be the only data which can be obtained and correctly interpreted, for one can obtain experimental data on rates of elimination of heat which are of value from both physiologic and pathologic viewpoints, and which do not involve any assumptions relative to the possibility that these rates of transfer of heat are direct measurements on the rates of flow of blood.
The time required for a constant rate of transfer of heat to be reached varies much in individual cases, and this variation indicates quite clearly that one or more of the factors entering into these experimental studies are not the same in different individuals.
To the first order of approximation, it may be said that the change of temperature in the calorimeter represented by the ordinate CF (on the time-temperature graph of figure 4, for example) is due to the inherent heat in the tissues in the outer layers of the extremity immersed in the bath. The heat thus eliminated, when calculated and divided by the area of the extremity and the specific heat of the tissues, gives an approximate measure of the half-depth to which the superficial layers have been cooled. The determination of the half-depth to which the outer layers of an extremity have been cooled to the temperature of the calorimetric bath maybe an index of the conditions of circulation of the blood in an extremity and may prove of value in future studies on these problems. 
